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Introduction 
P i g e o n p c d  i s  an i m p o r t a n t  g r a i n  legume o f  t h e  s e m i - a n d  t r o p l c s ,  w l t h  
a b o u t  90 per c e n t  o f  t h e  t o t a l  w o r l d  p r o d u c t t o n  I n  India' w h e r e  11 IS 
g e n e r a l l y  grown as a n  annual c r o p ,  t h o u g h  i t  IS ~ n t r i n s i c a l l y  p e r e n n ~ a l  
A w ~ d e  range o l m a t u n t y  groupscxists in p l g e o n p e a ,  an i m p o r t a n t  f a c t o r  
I n  t h e  a d a p t a t ~ o n  o f t h e c r o p  t o  d ~ v e r s e  a n r o c l i m a t ~ c  areas a n d  a g r o n o m -  
IC s y s t e m s ~  Based on days ;o 5 0 %  f l o w e r i n g  a t  ICRISAT, ~ a t a n c h e r u ,  
Ind~a, ten m a t u n t y  groups ranging f r o m  60 d a y s  t o  more t h a n  1 6 0  days 
h a v e  been iden t i f i ed ' .  The crop 1s u s u a l l y  sown at the o n s e t  o f  t h e  
monsoon in J u n e  o r  July. In  p e n i n s u l a r  I n d ~ a ,  t h e  e a r l y m a t u r i n g  c u l -  
t l v a r s  are harvested a f t e r  4-5 m o n t h s ,  m e d i u m - m a t u n n g  c u l t i v a r s  a f t e r  
' Submlttd &r J A No 552 b) the lnlrinallonal Craps Rcwarch Inrlllua !or tht Stma-And 
Troplcr IICRISATI 
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5-6 months and late-maturing cultivars after 6-9 months. The first 3 4  
months of growth takes place during the monsoon, and subsequent 
growth is mainly dependent on moisture stored in the soil. 
It is particularly important to know the ability of pigeonpeas to 
nodulate and fix nitrogen as they are generally grown on marginal soils 
with llttlc Input. Although Kumar Rao and Dart4 discussed the biology 
of nodulation of a medium-maturing pigeonpea cult~var, little informa- 
tion is available on the comparative nodulation and nitrogen-fixing 
ability of cultivars from different maturity groups. We have therefore 
studied the seasonal pattern of nodulation, nitrogen fixation, and nit- 
rogen uptake of I I pigeonpea cultivars of different maturity groups. 
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Fq 2 Nlirogcnaw rctlr l t )  plan1 I-- I and 8 dry ueiphl nodule ' l 1 h r u i  ever llme or 
p#ecc,np culli$rtr iof dlRcrenf malunllcr Birri ~ndlcslc ~ l rndard error olmcrn 
with plant age to a max~mum at about 60 days after sowlng. Thereafter 
activlty decl~ned and was minimal by 100 days, coinciding with the 
beginning of the postrainy season and the drying of the soil. The pattern 
of nitrogenase activity over the season in cultivars of different maturity 
groups closely followed that of nodule weight. The specific nitrogenase 
activity ( p M  C2H, g nodule dry wt ' h - I )  was greatest 20 days after 
sowing and then decl~ned with time (Rgure 2). A similar trend was seen 
in all cultivars and maturity groups except in cv T 21 when a rise in 
specific nitrogenase activity was observed at 80 days after sowing. The 
reasons for this are not known. The deep-rooted nature of pigeonpea 
enables the crop to explore a large volume of soil for moisture and 
nutrients, particularly in the postrainy season when the medium- and 
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late-matur~ng cultivars flower and mature. The nodules formed at deeper 
layers might not be so active as the nodules formed at  a shallow depth 
(0-30cm). At the 80-, loo-, and 140-day harvests the color ofcut nodule 
tissue of nodules from below 50cm in the soil was usually white or  
hrown, compared with a pink color for active nodules in the surface 
layers of 5011. The decline in nitrogenase activity after 60 days could be 
due to several factors. Firstly. increased Insect damage of nodules could 
have reduced the amount of active nodule tlssue. Secondly. the recovery 
of nodules that were formed deep in the so11 particularly In later harvests 
was probably incomplete. Thlrdly, the cessation of nitrogenase activlty 
after I00 days may well result from sorl moisture deficir, even though the 
plants were apparently not stressed Modelling studies suggest that for 
soybean the reductron in nltrogenase actlvlty during pod fill is related to 
the declrne In soil water below 50% of  the plant available o i l  water 
hold~ng capacity (T.R.  S~nc la~r .  Personal commun~cation). 
Dry rnurr(,r producrion 
Accumulat~on of dr) matter ln shoots and roots up t o  140 days after 
sowing in pigeonpea plants of different maturlty groups is presented In 
Figure 3. It increased simrlarly for the different cultivars. Final dr) 
matter accumulated by cult~vars Increased with their maturity. but not 
prdrn yields whrch were a, follows: early, 1.0-1.3tha-I; med~um. 
1.3-1 4 t h a  : late. 0 . 7 - l . 0 t h a - .  There was a wide range in hanest 
~ndex,  from 7 to ?X'!'O tending to decrease as plant biomass productron 
and duratic~n increased (Table 3 ) .  The cultivars also differed in the 
quantit) of plant parts shed during the life cycle. It ranged from 
0.5.- 1 0 1 ha ' In earl)-maturingcultivars. from 1.3-1.6 t ha - '  in medium- 
mdturlng cultivars and from I . ? 1 . 9  t ha -  ' in late-maturing cultivars. 
Nirropoc uprukr and fiicrron 
The changes In nrtrogen concentration with growth up  to 140 ddY 
after sowing In plant tops, roots and nodules of pigeonpea cultivars or 
different maturity groups are presented in Figure 4. As expected, young 
plants had the highest nitrogen concentration. The decline in nodule 
tlssue nltrogen concentration paralleled that for nitrogenase activity Per 
plant. ulth both measurcmentr berngdl dmaxlmum around 60dd!, jile: 
sowing Though neu nodule iormation cont~nued beyond 60 da!i aft? 
sowing, the presence of senescent tissue in the older nodules reduced the 
overall nodule nitrogen content. In plant tops, the nitrogen concentr* 
tion declined after 40 days after sowing. The root nitrogen content 
declined rapidly after 20 days, hut was quite stable after 60 days. 
In the present study we attempted to estimate available soil nitrogen 
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Fig 3 Dry maucr produced m shoat I---) and r o o ~  ~ t h o u t  nodule$ I- - )  a) plgeonpa culr~van 
i'f dtlfcrent mdlUrlllEE Bcrr lndlcate standard crror of mian 
by growing a long-duration sorghum cultivar. If we make the assump- 
tion that the roots of sorghum explore a similar volume of soil to that 
explored by pigeonpea over both time and space, and that both species 
lake up all available soil nitrogen, then nltrogen fixation by the legume 
can be calculated as total legume nitrogen uptake minus total nonlegume 
nitrogen uptake. Tables 3 and 4 show the results of dry niatter produced 
and total nitrogen uptake by pigeonpea and sorghum and estimates of 
N fixed by the 11 pigeonpea cultivars. 
Total nitrogen uptake and net nitrogen fixation by pigeonpea gener- 
ally increased with crop duration, but there were substantial differences 
between cultivars within a maturity group. Early-maturing determinate 
cultivars apparently fued little nitrogen (maximum 7 kgNha-I). In- 
determinate early- and medium-maturing cultivars fixed more nitrogen, 
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Tahlc 3 G r m .  dr, mrtln prnducuon lkghr I and hanet ~ndcr; al rnatunr) 01 some p r p n p a  
culllvar\  and wrphum grown on a n  Alfirol a1 ICRISAT Center. Palanchcru. Indm 1977-78 
C ultivrr Harvest Gram Pod Plant Roori Nodules Fallen Toial Hannt 
time wall top plan1 dr, lnder 
1da)r) parti mattrr 1% 
PdnlA-1 IYI I050 (MI 13'40 MO 118 540 3980 26 
Prabhal 1411 1140 3311 ISM 310 2 0  680 4050 28 
IJPAS I20 1411 1270 270 2120 7ll l  19  VOO 5270 24 
T 21 1411 1350 740 24641 620 3 5 IOH) 6240 22 
HD\ I I 4 1  1300 hMi 2610 480 3 8 1570 M d O  20 
Nc 148 1511 137U 550 1:W 994 7 1 12W 7480 I X  
Hhedrphdl I72  720 6711 3 M U  15% 4 6  1310 7710 9 
J A  27' I T ?  X30 4M 24711 IIW 1 X IIW 0082 14 
Hl>rr>drr 2111 IIW 880 3ilK) 11110 4 3  1910 7940 13 
T i  210 7110 510 6240 2 U 1 0  6 X 1170 10940 7 
N F I H R I 1 5 2 4 1  71x1 7 I 1 2 1 1  5 4  I2 iX)  PIS(1 8 
5i1rphum 175 150 5641 82811 470 0 94W 
S L l l l K  t l ' l5 ? ? : I  1 2 4 1  + I ? i  t 1 4 V  2 5 3 4  
the amount lncreaslng wlth days to 50% flowering rather than to final 
harvest date (140 days). These cultlvars ranged from 27 to 55 kg N h a - '  
based on the most conservative estlmate. In late-maturing plgeonpea 
cullivars. the estlmate of n~trogen fixed ranged from I3 to 69 kgN ha ' .  
Even for the best-fix~ng cultivar. T 7. N ,  fixatlon represented only 52% 
ol'the total nltrogen uptake The harvest index for nltrogen. that 1s the 
amount of N In the gram as a proportion of total plant nltrogen uptake 
was also small, ranglng from 21 % to 57% (mean of 38%) and decreased 
with crop duration: this was about double the harvest index for dry 
matter (range 7 to  289'0, mean 17%). 
The amount of nodule tlssue at  the end ol' the season 1s very low and 
accounts for less than 0 2 kgN ha ' .  However. this IS  an underestimate 
of the total amount of nitrogen returned to the so11 as nodules senesce. 
slnce this 1s a continual process starting about 30 days after sowing. Even 
so, such nodulescontain on an average only 3.7% N. much less than that 
found In active nodules (about 5.5% N) .  Maximum nodule weight per 
plant was 300 mg for T 7 wlth a nitrogen content of  15 mg. extrapolating 
to 1.0 kg N ha ' .This is sull an underestimate of the return of N to  the 
so11 vla nodule decay. 
Discussion 
The nitrogenase activity profiles differed relatively little between 
genotypes despite the large differences In net nitrogen fixation estimated 
by the difference method. Seasonal estimates of nitrogen fixation, de- 
rived by integrating the area under the curves for acetylene reduction 
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1:1g 4 Nllrogen ccrncrntrnticrn ~n tops1 - I,  root, 1 I rnd noduirr I I alplpconp.% cu l l~var \  
ul d~ilcreni r n a l u i ~ t ~ c r  
activrty per plant over the season (Figure 2). and multiplying t h ~ s  by the 
plant population, usrng a conversron factor of 3 (1 mole of N: fixed for 
3 moles ofC,H, reduced to CIH,) were much lower than that est~mated 
by the d~ference method (3-5 kg N ha ' cf 43-1 3 kg N ha- ' for cultivars 
T 21 and JA  275'). This may be partly due to a large var~atron in the 
conversion factor during the life cycle. The attachment of pigeonpea 
nodules to the root system is also very fragile, and tnvar~ably nodules 
become detached from the roots during preparation for the assay. In 
other species such as soybean, nitrogenax activity is much reduced in 
detached nodules compared wrth nodules still attached to the root (J F 
Witty, personal communicat~on). 
It is difficult to measure net nitrogen fixation by pigeonpea grown in 
the field. b e ~ a u x  of the problem of estimating nitrate uptake by such a 
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long-duration and deep-rooted crop. In the present study a long-dura- 
tion sorghum was grown and harvested only once. 175 days after sowing. 
to measure available soil nitrogen. Thus the value of the nitrogen fixed 
by pigeonpea cultivars of early maturity (part~cularly Pant A-3 and 
Prabhat) is likely to be an underestimate. In addition the sorghum may 
have gained a small amount (up to 15 kg h a '  ) of nitrogen from nitrogen 
fixation by bacteria associated with its roots', result~ng in an un- 
derestimate for all values for pipeonpea nitrogen fixation. 
Nitrogen fixation by pigeonpea generally increased with crop dura- 
tion. but there were substantial differences between cultivars within a 
matunty group. Nevertheless, the present results suggest that the early- 
maturlngcultibars Pant A-3 and Prabhat fixed little nitrogen. They were 
also efficient In part~tioning nitrogen to the grain. as evidenced by the 
hawest ~ndex for nitrogen. It may be that t h ~ s  efficient partit~oning of 
both carbohydrate and nitrogen resulted in an early diversion of 
photosynthate from the root system, particularly the nodules, so that 
nitrogen fixat~on was reduced. 
A considerable amount of nitrogen (9 to 28 kg ha I )  was lost as fallen 
plant parts (mostly leaves). with large differences between cultivars. but 
with a surpris~ngly similar and high percentage of nitrogen (mean 1.54%. 
range from 1.23 to 1.68%). The fallen plant parts represented 12 to 26% 
of the total N taken up by the plant. Assuming, with Sheldrake and 
Narayananh, that we recover only 50% of the roots, then for cv BDN 1. 
fallen plant parts and roots plus nodules potentially return 33 kgN ha 
to the soil, a figure very sim~lar to  the 40 kpN ha ' estimated by Sheld- 
rakeand Narayananhfor ICP I .  a variety with a s~mllar maturlty to BDN 
I .  The res~dual N ranged ltom l6kgN ha ' for the shortest-durat~on 
cultivara to  51 kgN for T 7 .  the longest-duration cultivar, the amount 
correlating well w ~ t h  plant duration. This could account for the large 
residual effect of plgeonpea reported on a succeeding cereal crop'. 
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